(19) 




(12) 



Euiopflfsches Patentamt 
European Patent Office 
Office europtendes brevets (ii) EP 1 016 710 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

05.07.2000 Bulletin 2000/27 

(21 ) Application number: 99125263.6 

(22) E>ate of filing: 17.12.1999 



(51) lntCl7: C12N1/20, C12N 15/11. 
C07K 14/245 



{W) Designatec] (contracting States: 


• Alesnin, Vladimfr VentaminovlCfi 


ATBECHCY DE DK ES R FR GB GR IE IT LI LU 


Borovslc, 249010 (RU) 


MCNLPTSE 


• Troshin, Petr Vladlmirovich 


Designated Extension States: 


IMoscow,115561 (RU) 


ALLTLVMKROSi 


• Toidimaicova, irina Lyvovna 


(30) Priority: 30.12.1998 RU 96124016 


143513 iMoscow region (RU) 


09.03.1999 RU 99104431 


(74) Representative: 


(71) ApF^icant: Apnomolo Ca, inc. 


Strehl SchObel-Hopf & Partner 


lUiaximillanstrasse 54 


Tokyo (JP) 


80538 Mflnchen (DE) 


(72) Inventors: 


Remarks: 


• Uvshlts^VitaliyArlcadlevich 


The biological material has been deposited with 


IMoscow,113208 (RU) 


VKPM under numbers B-7728 / B-7729 / B-7731 


• ZalQtaeva, Natalia Pavlovna 


/ B-7730 / B-771 9 / B-7722 / B-7707 / 8-7712 / B- 


Moscow, 117421 (RU) 


7708 / B-7753 / B-7754 / B-7752 / 8-7713/ B-7714 / 


• Nakanistil, Kazuo 


87748 / B-7715 / 8-7716/ B-7718. 


Saiae-iaj, Yolcoliama-shi, 247-0014 (JP) 





(54) Rliettiod for producing L-amino adds 

(57) A bacterium belonging to the genus 
EschericNa and having an ability to produce an L- 
amino add, wherein the ability to produce the L-amino 
acid Is Inaeased by increasing an expression amount of 
an L-amino acki exaetion protein, and a method fbr pro- 
dudng the L-amino acid using the bacterium. 



o 



a. 
m 



Primed tiy Xerox (UK) Business Seivioes 
2.16.7 (HRS)/3.6 



EP 1016 710 A2 



Description 

Technical Reld 

5 [0001] TTie present invention relates to a methckJ for producing an amino acid. In particular, the present invention 
relates to an L-amino add-producing bacterium belonging to the genus Escherichia and a method for producing L- 
amino adds, more specifically, L-glutamic add. L-lysine. L-threonine. L-alanine. L-histidine. L-proline, L-arginine. L- 
valine. and L-isoleudne, using the bacterium. 

10 BachgronPd Art 

[0002] For production of an L-amino add by fermentation, a strain isolated from the natural world or an artifidal 
mutant of the strain has been used to improve productivity. For example, in the case of Uysine, many artificial mutants 
produdng L-lysine are known, and most of them are mutants resistant to S-2-aminoethyicysteine (AEC) and belong to 
15 the genus Brevibacterium, Corynebactehum, Bacillus or Escherichia. Also, there have been proposed various technics 
for increasing amino add prodjction such as use of a transformant obtained by using a recombinant DNA (US. Patent 
No. 4.278.765). 

[0003] The technics are mostly based on enhancement of an activity of an enzyme involved in an amino add bio- 
synthetic pathway, conversion of the enzyme to that desensitized in inhibition and the like (As to bacterium belonging 
20 the genus Escherichia, see Japanese Patent Application LaidOpen No. 56-18596 (1981) and bnternational Publication 
No. WO 95/16042). 

[0004] On the other hand, as an example of improvement of amino add productivity by enhancing an amino acid 
excretion protein, a bacterium belonging to the genus CorynebaCterium in which an L-lysine excretion gene, fysE is 
enhanced is known. However, as to bacteria belonging to the genus Escherichia, it is unknown even whether an L- 
25 amino acid excretion protein is present or not Therefore, it is unknown whether enhancement of the L-amino add 
exCTetion protein is effective in L-amino add production using a bacterium betonging to the genus Escherichia or not. 
[0005] Although the entire nucleotide sequence of E. coli strain K-1 2 belonging to the genus Escherichia has been 
alireac^ detennined (Sdence, 277, 1453-1474(1997». there are a large number of proteins of whfoh functions are 
unkiKywn. 

30 

DigclostireqUhelnygntion 

[0006] An object of the present invention is to obtain a protein participating in excretion of an L-amino acid, thereby 
providing a strain improved in L-amino acid productivity and an improved method for producing an L-amino acid by fer- 
35 mentatfon. 

[0007] The inventors have conducted screening for the protein partidpating in excretion of an L-amino add. As a 
result, the present inventors have found that a yteM of an L-amino add based on consumed sugar is increased when a 
particular gene is enhanced. On the t>asis of the finding, the present invention has been completed. 
[0008] Thus, tiie present invention provides a bacterium belonging to the genus Escherichia and having an ability 
40 to produce an L-amino acid, wherein the ability to produce the L-amino acid is increased by increasing an expression 
amount of at least one protein selected from the group consisting of the following proteins of (A) to (H) (hereinafter also 
ref^nred to as Ihe bacterium of the present invention*^: 

(A) a protein having an amino add sequence shown in SEQ ID NO: 10 in Sequence Listing; 
45 (B) a protein which has an amino acid sequerK:e including deletion, substitution, insertion, addition or inversion of 
one or several amino adds in tiie amino acid sequence shown in SEQ ID NO: 10 in Sequence Listing, and which 
has an activity of increasing the ability to produce the L-amino acid of tiie bacterium having the protein; 

(C) a protein having an amino add sequence shown in SEQ ID NO: 12 in Sequence Listing; 

(D) a protein which has an amino add sequence induding deletion, substitution, insertion, addition or inversion of 
so one or several amino adds in the amino acid sequence shown in SEQ ID NO: 12 in Sequence Listing, and which 

has an activity of increasing the ability to produce ttie L-amino acid of ttie bacterium having the protein; 

(E) a protein having an amino add sequence shown in SEQ ID NO: 14 in Sequence Listing; 

(F) a protein which has an amino acid sequence induding deletion, substitution, insertioa addition or inversion of 
one or several amino adds in tfie amino acid sequence shown In SEQ ID NO: 14 in Sequence Listing, and which 

55 has an activity of increasing the ability to produce tiie L-amino acid of the bacterium having the protein; 

(G) a protein having an amino add sequence shown in SEQ ID NO: 16 in Sequence Listing; or 

(H) a protein which has an amino add sequence induding deletion, substitution, insertion, addition or inversion of 
one or several amino adds in ttie amino acid sequence shown in SEQ ID NO: 16 in Sequence Listing, and which 
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has an activrty of increasing the ability to produce the L-anruno acid of the bacterium having the proteia 

[0009] The bacterium of the present invention preferably an Uysine-producing bacterium in which an expression 
amount of at least one protdn selected from the groip consisting of the proteins (A) to (D). (G) and (H) is increased; an 
L-glutamic acid-producing bacterium in which an expression amount of at least one protein selected from the group 
consisting of the proteins (A) to (H) is increased; an L-alanlne-produdng bacterium in which an expression amount of 
at least one protein selected from the group consisting of the proteins (C) and (D) is increased: an L-valine-producing 
bacterium in which an expression amount of at least one protein selected from the group consisting of the proteins (C) 
and (D) Is increased; an L*histidlne-produdng bacterium in which an expression amount of at least one protein selected 
from the group consisting of said proteins (C) to (F) is Increased; an L-prolineisroducing bacterium in which an expres- 
sion amount of at least one protein selected from the group consisting of said proteins {Ai to (F=) is inaeased; an L-thre- 
onlne-producing bacterium in which an expression amount of at least one protein selected from the group consisting of 
said proteins (E) and (F) is increased; an L-arginine-producing bacterium in which an expression amount of at least one 
protein selected from the group consisting of said proteins (G) and (H) is increased; or an L-isoleudne-producing bac- 
terium in which an expression amount of at least one protein selected from the group consisting of said proteins (C) and 
(D) is increased. 

[001 0] Preferably, in the bacterium of the present invention, a copy number of a DNA coding for said protein in a cell 
is inaeased. The DNA Is preferably carried on a multicopy vector in the ceO or on a transposon in the cell. 
[0011] The present Invention also provides a method for producing an L-amino add. comprising the steps of: 

cultivating the bacterium of the present invention in a culture medium, to produce and accumulate the L-amino add 
in the medium, and 

recovering the L-amino add from the mediimn (hereinafter also referred to as Ihe bacterium of the present inven- 
tion"). 

[0012] The method of the present invention preferably an L-lyslne production method using an L-lysine-producing 
bacterium in which an expression anwunt of at least one protein selected from the group consisting of the proteins (A) 
to (D). (G) and (H) is increased; an L-glutamic acid production method using an L-glutamic add-produdng bacterium in 
which an aqdression amount of at least one protein selected from the group consisting of the proteins (A) to (H) is 
increased; an L-alanine production method ising an L-alanine-produdng bacterium in which an expression amount of 
at least one protein selected from the group consisting of the proteins (C) and (D) is increased; an L-valine production 
method using an L-valine-produdng t)acterium in which an expression amount of at least, one protein selected from the 
group consisting of the proteins (C) and (D) is increased; an L-histidine production method using an L-histidine-produc- 
ing bacterium in which an expression amount of at least one protein selected from the group consisting of said proteins 
(C) to (F) is increased: an L-proline production method using an L-proline-producing bacterium In which an expression 
amount of at least one protein selected from the group consisting of said proteins (A) to (F) is increased; an L-threonine 
production method using an L-threonine-produdng bacterium in which an expression amount of at least one protein 
selected from the group consisting of said proteins (E) and (F) is increased; an L-arginine production method using an 
L-arginine-produdng baderium in which an expression amount of at least one protein selected from the group consist- 
ing of said protenns (G) and (H) is inaeased; or an L-isoleudne production method using an Usoleudne-produdng 
bacterium in which an expression amount of at least one protein selected from the group consisting of said proteins (C) 
arxJ (D) is increased. 

[001 3] Preferably, in the method of tiie present invention, a copy number of a DNA coding for said protein in a c^l 
of the baderium is inaeased. The DNA is preferably carried on a multicopy vector in the cell, or on a transposon in the 
cen. 

[0014] According to the present invention, an ability to produce an L-amino acid of a bacterium belonging to the 
genus Escherichia can be Inaeased. Also, a method for produdng an L-amino acid can be improved in a production 
rate of an L-amino add. 

[0015] The present invention will be explained in detail below. Hereinafter, an amino add is of L-configuration 
unless othenmse noted. 

< 1 ) Bacterium of the present Invention 

[0016] The bacterium of the present invention is a bacterium belonging to the genus Escherichia and having an 
ability to produce an amino add, in which the ability to produce the amino add is inaeased by inaeasing an expression 
amount of a protein which has an activity of inaeasing the ability to produce the amino acid of the bacterium, or an 
activity of inaeasing resistance to an amino add or amino add analogue. Hereinafter, the protein is refenred to as 
'amino add exaetionprotein''fbr the sake of convenience. However, the termdoes not mean thatfunctionofthe protein 
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is limited to amino add excretion. 

[001 7] Examples of the amino acid excretion protein include a protein having an amino acid sequence shown in 
SEQ ID NO: 10, a protein having an amino acid sequence shown in SEQ ID NO: 12. a protein having an amino acid 
sequence shown in SEQ ID NO: 14 and a protein having an amino acid sequence shown In SEQ ID NO: 16. 
5 [001 8] The amino acki exaetion protein may have selectivity to amino acid. An amino acid excretion protein appro- 
priate for each amino acid can be determined t)y allowing the amino acid excretion protein to be expressed in a bacte- 
rium belonging to the genus Escherkihia and having an ability to produce the amino acid, and measuring an increase 
of a yield of the amino acid or measuring an increase of a miromum inhibition concentration (MIC) of an amino add or 
amino add analogue. 

10 [0019] For example, in the case of lysine, a protein having an amino acid sequence shown in SEQ ID NO: 10. 12 
or 16 is effective; in the case of glutamic acid, a protein having an amino add sequence shown in SEQ ID NO: 10. 12, 
14 or 16 is effective; in the case of alanine, a protein having an amino add sequence shown in SEQ ID NO: 12 is effec- 
tive; in the case of valine, a protein having an amino add sequence shown in SEQ ID NO: 12 is effective; in the case of 
histidine. a protein having an amnno add sequence shown in SEQ ID NO: 12 or 14; In the case of proline, a protein hav- 

is ing an amino acid sequence shown In SEQ ID NO: 10. 1 2 or 1 4 Is effective; in the case of threonine, a protein having 
an amino acid sequence shown in SEQ ID NO: 14 is effective; in the case of arginine, a protein having an amino add 
sequence shown in SEQ ID NO: 1 6 is effective; and in the case of isoleudne. a protein having an amino add sequence 
shown in SEQ ID NO: 12 is effective. 

[0020] The term "an expression amount is inaeased" used herein usually means that the expression amount is 
20 larger than that in a wild strain of £ coli such as strain MG1655 or W31 1 0. The temis also means that when a strain is 
obtained by nxxJification through genetic engineering technics or the like, the expression amount is larger than that 
prior to the modification. The expression amount of the amino add excretion protein may be determined directly by the 
determination of the amino add excretion protein or indirectly by the determination of MIC of an amino acid or amiho 
add analogue or of annino add productivity of a bacterium belonging to the genus Escherichia and having the amino 
2S add excretion protein. 

[0021] The method for increasing the expression amount of the amino acid excretion protein is exemplified by a 
method for increasing a copy number of DNA encoding the amino acid excretion protein in a cell of the bacterium. 
[0022] For inaeasing the copy number in the cell, a DNA fragment coding for the amino add exaetion protein may 
be ligated to a vector which functions in a bacterium belonging to the genus Escherichia to produce a recombinant 

30 DMA. which is introduced to a host to transfonn It. The copy number of the gene coding for the amino add exaetion 
protein (amino acid exaetion protein gene) in the cell of the transfbrmant strain increases, thereby inaeasing the 
expression amount of the amino acid exaetion protein. The vector is preferably a nuilticopy vector. 
[0023] The increase of the copy number in the cell can be achieved by allowing plural copies of the amino add 
exaetion protein gene to exist on chromosomal DNA of the host The introduction of plural copies of the amino add 

35 exaetion protein gene to chromosomal DNA of a bacterium belonging to the genus Escherichia, may be conducted 
through honwiogous recombination by using a sequence of which plural copies exist on the chroniosomal DNA. as a 
target. As the sequence of which plural copies exist on the chromosomal DNA. a repetitive DNA and an inverted repeat 
present in a tenrtnal portion of a transposable element may be used. Alternatively, as disdosed in Japanese Patent 
Application Uid^en No. 2-109985 (1990). the plural copies can be introduced to the chromosomal DNA by making 

40 the amino add exaetfon protein gene carried on a transposon and alkjwing tiie transposon to be transposed, which is 
preferred. Accading to any of the above-mentioned methods, the copy number of the amino add exaetion protein gene 
in the transformant strain Inaeases, thereby inaeasing the expression amount of the amino add exaetion protein. 
[0024] The multicopy vector is exemplified by plasmid vectors such as pBR322. pMW1 1 8. pUCI 9 or the like, and 
phage vectors such as A.1059, XBF101 . M13mp9 or the like. The transposon is exemplified by Mu. Tnl 0. Tn5 or the like. 

45 [0025] The introduction of a DNA into a bacterium belonging to tfie genus Escherichia can be performed, for exam- 
ple, by a method of D. M. Morrison (Methods in Enzymology 68. 326 (1979)) or a method in which redpient t)acterial 
cells are treated with calcium chloride to inaease pemieability of DNA (Mandet. M. and Higa. A.. J. Md. Bfol.. 53. 159 
(1970)) and the like. 

[0026] Besides the above-mentioned gene amplif fcation, the inaease of the expression annount of the amino ackJ 
so exaetion protein can be also achieved by repladng an expression regulatory sequence such as a promoter of tiie 
amino ackJ exaetion protein gene with stronger one (see Japanese Patent Application Laki^Open No. 1-215280 
(1989)). For example, lac promoter, trp promoter, tac promoter, Pr promoter and Pl promoter of lambda phage, and 
the GKe are known as a strong promoter. The replacement with the pronxrter enhances expressk>n of the amino ackj 
exaetion protein, thereby inaeasing tine expresaon amount of the amino acid excretion protein. The enhancement of 
55 the expression regulatory sequence may be combined witii the increase of the copy number of the amino acid exaetion 
protein. 

[0027] In tiie bacterium of tiie present Invention, expresston amounts of plural amino add exaetion proteins may 
be inaeased. 
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[0028] The amino acid excretion protein is encoded by genes which are known as yahN gene. yeaS gene. yfiK 
gene and yggA gene and of which functions are unknowa Therefore, the DNA encoding the amino acid exaetion pro- 
tein can be obtained b/ synthesizing primers based on the known sequences (Ibr example, the entire nucleotide 
sequence of chromosome of Escherichia coii strain K-12 has been already determined (Science. 277, 1453- 

5 1474(1997))). and conducting amplification by PCR using chromosomal DNA of a bacterium belongng to the geni^ 
Escherichia as a template. Also, the object DNA fragment can be selected by hybridization from a chronx)Somal DNA 
library of a bacterium belonging to the genus Escherichia by preparing a probe based on the known sequences. Alter- 
natively, the DNA encocfing the amino add excretion protein may be synthesized based on the known sequences. The 
nucleotide sequence of the DNA encoding the amino add excretion protein is exempliFied by that shown in SEQ ID NO: 

10 9, 11. 13 or 15 In the Sequence Listing. 

[0029] Metfiods for preparation of chronruisomal DNA. preparation of chromosomal DNA library, hybridization. 
PCR, preparation of plasmid DNA. digestion and ligation of DNA, transformation, selection of an oligonucleotide as a 
primer and the like may be ordinary methods well known to one skilled in the art. These metfiods are desaibed in Sam- 
brook, J.. Fritsch. E. R. and Maniatis. T. "Molecular Cloning A Laboratory Manual, Second Edition', Cdd Spring Harbor 

15 Laboratory Press (1 989) and tiie like. 

[0030] The amino acid exaetion protein may comprise sut)stitution. deletion, insertion, addition or inversion of one 
or several amino adds at one or a plurality of positions, provkled that the activity of increasing the ability to produce tiie 
amino add of the bacterium belonging to the genus Escherichia and having the protein is not deteriorated. The term 
"several* may vary depending on a position in a steric structure of the protein and a kind of an amino acid residue. It is 

20 because some amino adds such as isoleudne and valine have high similarity to each other, and a difference between 
such the amino ackis does not largely affect the steric structure of the protein. 

[0031 ] The DNA which codes for ttie substantially same protein as the amino acid excretkm protein as described 
above, may be obtained, for example, by modifying the nudeotide sequence, for example, by means of the site-directed 
mutagenesis metiiod so tfiat one or more amino add residues at a specified site involve substitution, deletioa insertion. 

25 addition or inversion. The DNA nxxfified as desaibed above may be obtained by the conventionally known mutation 
treatment The mutation treatment indudes a method for treating a DNA coding for the amino acid exaetion protein in 
vitro, for example, witii hydrcxylamine. and a metiiod for treating a miaoaganism. for example, a bacterium belonging 
to the genus Eschenchia, hartx>ring a DNA coding for the amino acid excretion protein with ultraviolet irradiation or a 
mutating agent such as N-methyl-N -nrtro-N-nitrosoguanidine (NG) and nitrous add usually used fa the mutatfon treat- 

30 ment. 

[0032] The suk>stitution, deletion, insertion, addition or inversion of the one or more amino acid residues Includes a 
naturally-occurring mutation or variation which is resulted from a difference between individual microorganisms having 
tiie amino acid exaetion protein and a difference between spedes, strains or tiie like. 

[0033] The DNA. which codes for substantially the same protein as tiie amino acid excretion protein, can be 
35 obtained t>y alfowing a DNA having the mutation as described above to be expressed in a cell of an appropriate bacX&- 
rium belonging to the genus Escherichia, and investigating the increase of amino acid productivity of the cell. 
[0034] Also, the DNA. which codes for substantially the same protein as the amino add excretion protein, can be 
obtained by isolating a DNA which hybridizes with DNA having, for example, a nudeotide sequence shown in SEQ ID 
N0:9. 11. 13or ISin Sequence Listing under stringent conditions, and which codes for a protein having the activity of 
40 increasing the ability to produce the amino add of the bacterkim belonging to the genus Escherichia, from DNAs 
encoding the amino acid exaetion proteins having mutations or cells containing the DNAs. The term 'stringent condi- 
tions" refmed to herein means a condition under which a specific hybrki is formed, and a non-specific hybrid is not 
famed. It is difficult to dearly express this condition by using any numerical value. However, for example, the stringent 
conditions indude a condition under which DNAs having high homology, for example. DNAs having homdogy of not 
45 less tiian 70% with each ottier are hybridized, and DNAs having homology lower tiian the above witii each other are not 
hybrktized, or a condition of a salt concentration con-esponding to WC, 1x SSC, 0.1% SDS. preferably 0.1 x SSC. 0. 1% 
SDS whteh is a washing condition of ordinary Southern hybridizatfon. 

[0035] Ahhough tiiere may be a gene in which a stop codon is made in the middle, or a gene encoding a protein 
losing the activity due to nutation of the active center among tiie genes which hybridize under such the corxJrtion. such 
so genes can t>e easily eliminated by Irgating tiie genes to a commercially available activity-expression vector and deter- 
mining the activity of inaeasing tiie ability to produce tiie amino acki of ttie bacterium befonging to tiie genus 
Escherichia as described above. 

[0036] The term "DNA coding for a protein" used herein means a DNA of which one of strands codes for tiie protein 
when the DNA is double-sfranded. 
55 [0037] By increasing an repression amount of an amino add exaetion protein in an amino acid-produdng bacte- 
rium belonging to tiie genus Escherichia as described above, a produced amount of tiie amino add can be increased. 
As ttie bacterium belonging to the genus Escherk:hia in which tiie expressfon amount of the amino add excretion pro- 
tein is to be Inaeased. strains which have abilities to produce desired amino ackis (amino add productivities) are used. 



5 



10 



IS 



20 



25 



EP1 016710 A2 

Besides, an abnity to produce an amino acid may be imparted to a bacterium in which the expression amount of the 
amino add excretion protein is increased. Examples of amino acid-producing bacteria belonging to the genus 
Escherichia include £ co// AJ13199 (FR patent No. 2747689). and those obtainable from known materials {e.g.. E co/i 
W3110 (tyrA)/k)CABD2. E coH Vl^14. E coli VL2054. £ coii VL2i60. E coli VL2151. E coli W3350 
d/9E::Tn104}KA10 as described in the Examples below). 

[0038] Forreference, the amino acid exaction protein according to the presert invention was i^ 
tme as descnbed below. 

[0039] TTie present Mentors have identified rhtB and rhtC as threonine excretion protein genes of a bacterium 
belonging to the genus Escherichia. The present inventors searched databases based on a hypothesis that amino acid 
excretion proteins may share a common structure. Namely, BLAST and PSI-BLAST search (Allschul, S.F. et al Nucleic 
^r^^^' 3389-3402(1997)) for homology of a protein encoded by rhtB was performed In QenBank CDS. PDB. 
5W^SS-P ROT, Spupdate and PIR. TWastn search was peribrmed in unfinished miaobial genomes. BLITZ search (Stur- 
rocK S.a. and Collins. J.F.. Mpsch versfon 1.3. Biocomputing research unit University of Edinburgh, UK (1993)) was 
performed in SWALLdatabasa SMART search (Ogiwara. I. et al., Protein Sd., 5. 1991 -1999 (1996)) was performed in 
the databases of translations and SWISS-PROT From the samples of more than 60 sequences found YeaS (con^e- 
s^nding to 1212 of ACCESSION No. AE000274 In GenBank). YahN (corresponding to f223 of ACCESSION No 
AE000140 in GenBank). YfiK (corresponding to o195 of ACCESSION Na AE000344 In GenBanl^ and YggA (corre- 
^ndingtof211 of ACCESSION No. AE000375 in QenBank) remained as proteins which rnay have sirnllar function 
roitB^ong those originating from E co//. Since functfons of any of these genes were unknown, the genes were actu- 
ally obtained, and effects thereof on MIC of amino acids and amino add analogues and on amino acid production were 
examined by enhandng activities thereof. As a result, an effect of increasing MIC of some amino adds and analogues 
was found with respect to YeaS. YfiK. V&hN and YggA. Further examinatfon has revealed that proteins encoded by 
these genes echfoit an effect of increasing an amino add accumulation, although they may have some amino acid 
selectivities. 



( 2 > Method of the present invention 

[0040] The method of the present invention comprises the steps of cultivating tfie bacterium of the presert inven- 
tion, in a culture medium, to produce and accumulate the amino add in the medium, and recovering the amino ackJ from 

30 the medium. 

[0041] Suitable amino acids include lysine, glutamfo acki, alanine, valine, homoserine. proline, and threonine. 
[0042] m the method of present Invention, the cultivation of the bacterium betonging to the genus Escherichia the 
collection and purification of amino acid from the liquid medium may be peribrmed in a manner similar to those of the 
conventional method for producing an amino add by fermentation using a bacterium. A medium used in cultivation may 
35 be either a synthetic medium or a natural medium, so long as the medium indudes a carbon and a nitrogen source and 
minerals and, if necessary, nutrients which the bacterium used requires for growth in appropriate amounts. The carbon 
source may indude various carbohydrates sudi as glucose and sucrose, and various organfc acids. Depending on 
assimilatory ability of the used bacterium, alcohd induding ethanol and glycerol m^ be used. As the nifrogen source, 
ammonia, vanous ammonium salts such as ammonium sulfate, other nitrogen conpounds such as amines, a natural 
nitrogen source such as peptone, soybean hydrolyte and digested fermentative mfcrobe are used. As minerals, mono- 
potassium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, caldum carbonate are 
used. 

[0043] Ihe cultivation Is preferably culture under an aerobic condition such as a shaking culture, and an aeration 
and sbmng culture. The temperatureofcufturels usually 20 to 40<'C. preferably 30 to 38'a 
ally between 5 and 9, preferably between 6.5 and 7.2. The pH of the culture can be adjusted with ammonia, calcium 
carbonate, vanous adds, various bases, and buffers. Usually, a 1 to 3-day cultivation leads to the accumulation of the 
target amino add in the medium. 

[0044] Recovering the amino acid can be peribmied by removing solids such as cells from the medium by centrif- 
ugaton or membrane filtration after cultivation, and then collecting and purifying the target amino acid by ion exchange 
so concentration and crystalline fraction metiiods and the lika 

Best Mode for OarrvinQ Qtit fhp im/^y^ 

[0049 The present invention will be more concretely explained below witfi reference to Exanviles. 
Example 1. Preparation of the DNA fragments which code for amino add excretfon proteins. 
[0046] The entire nucleotide sequence of chromosome of £ coli strain K-12 has been determined (Sdence. 277. 
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1453-1474. 1997). Based on the reported nucleotide sequence, primers were synthesized and the genes yahN, yfiK, 
yeaS and yyg>4 were amplified t>y PGR. 

(1). Chromosomal DMA of the £ coli strain MG1655 was used as a template. 

5 

[0047] The chromosomal DNA was preapared by an ordinary method (Samt)rooK J., Fritsch E. F. and Maniatis T. 
(1989) Molecular doning: a laboratory manual, 2nd ed. Cold Spring Hait)or Laboratory Press. Cold Spring Harbor, N. 
Y). In the PCR reaction, a standard condition described in "PCR protocols. Current methods and applications*. (White. 
B. A., ed. Humana Press. Totcwa. New Jersey, 1993) was used. The obtained PCR products were purified by an ordi- 
10 nary method and digested with restricb'on enzymes as descrbed below. 

[0048] The yahN gene was amplified by using the primers Nal and Na 2. 

Primer No.1 : gtg^gaaocgacgcoggat (a sequence complementary to a sequence of from 1885 base to 1904 base 
in a nucleotide sequence registered under ACCESSION Na AE000140 in QenBank; SEQ ID NO: 17). and 

IS 

Primer No.2: tgttgtatggtaoggggttcgag (a sequence of from 223 base to 245 base In the same; SEQ ID NO: 18). 

[0049] The obtained PCR product after purification was digested with restriction enzymes PstI and StuI and figated 
to vector pUC21 (Vieira, Messing, Gene, 100, 189-194. 1991) digested with the enzymes Pstl and EcoRV by using a 

20 ligation Kit Then, transfbnnation of competent cells of £ coli TGI (SambrooK J., Fritsch E. R and Maniatis T (1989) 
Molecular cloning: a laboratory manual, 2nd ed. Cold Spring Haitx>r l.aboratory Press, Cold Spring Harbor. N. Y) with 
the product was conducted and the cells were spread on L medium (1 0 g/l Bacto trypton. 5 g/1 Yeast extract. 5 g/l NaCI, 
15 g/l agar. pH 7.0) containing 10 mgAnI IPTG psopropyl-p-D-thiogalactopyranoside) and 40 mg/W X-gal (5^)romo-4- 
chloro-3-indolyl-p-D-galactoside) and 100 mg/rnl ampidllin, and cultured overnight Appeared white colonies were 

25 picked up and subjected to single colony isolation to obtain transibrmants. Plasmid was prepared from the transform- 
ants using an alkali extraction method and designated as pYAHN. 
[0050] The yeaS gene was amplified by using the primers No.3 and Na 4. 

Primer No.3: dttgccaatcccgtctccc (a sequence complementary to a sequence of from 7683 base to 7702 base in 
30 a nucleotide sequence registered under ACCESSION No AE000274 in GenBank; SEQ ID NO: 19); 

Primer No.4: gccccatgcataacggaaag (a sequence of from 5542 base to 5561 base in the same; SEQ ID NO: 19). 

[0051] The obtained PCR product after purificatioh was d^ested with a restriction enzyme Aval and ligated to vec- 
35 tor pUCi 9. After transformatton of £. coli TGI as above^ the plasmki designated as pYEAS was obtained. 
[0052] The yftK gene was amplified tiy using the primers No.5 and No.6. 

Primer No.5: gaagatcttgtaggccggataaggcg (a sequence of from 4155 base to 41 77 base In a nucleotide sequence 
registered under ACCESSION No AE000344 in GenBank, with a restriction enzyme BglW site added at the 5*-end 
40 thereof; SEQ ID IW: 21) 

Primer No.6: tggttttaocaattggccgc (a sequence complementary to a sequence of from 6307 base to 6326 base in 
the same; SEQ ID NO: 22). 

[0053] The obtained PCR product after purification was digested with restriction enzymes BglW and Mun\ and 
45 ligated to vector pUC21 digested with restriction enzymes BglW and EcoRI. After transformation of £. coli TGI as 
above, the plasmid designated pYFIK was obtained. 
[0054] The yggA gene was anplrfied by using the primers Nb.7 and Na8. 

Primer No.7: acttctcccgcgagccagttc (a sequence complementary to a sequence of from 9606 base to 9626 base in 
so a nudeotide sequence registered under ACCESSION No AE000375 in GenBank; SEQ ID NO: 23). 

Primer Na8: ggcaagcttagcgcctctgtt (a sequence of from 8478 base to 8498 base in the same; SEQ ID NO: 24). 

[0055] The obtained PCR product after purification was digested with restriction enzymes HindlW and C/al and 
ligated to vector pOK12 (Vieira. Messing, Gene. 100. 189-194, 1991) digested with the same restriction enzymes. After 
55 transformation of E coli TGI as above, the plasmid designated pYGGA was obtained. 
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(2). Chromosomal DNA of the £ coA' strain VV31 1 0 was iKed as a te^ 

W«61 ^heyahWgenev^TOaITplifiedbyusingtheprime^sr*x9(SEQID^I01)arxl^to^ 10(SEQIDNO2) 
^ ® ^"'^ "^"8 P"'""^ No.1 1 (SEQ ID NO 3) and Na12 (SEQ ID NO 4) 

S ^ ""■'^ ""^P"*"^ Na13 (SEQ ID NO 5) and Na14 (SEQ ID NO 6) 

S l!!^^ ?!"doo' ^HV""*"!)/ using theprimer8Na15(SEQ ID NO 7) and Na16 (SEQ ID NO 8) 

'^^^ P^"* *^ P""**"*' ^ restriction enzymes Sad and JOal (EcoRI and Pstl 

was dentKal 10 the reported sequence was inserted was designated as folowK "< » 

One carrying ya/iA/: pMWI 18::yahN 
One carrying yeaS: pMWI 18::>eaS 
One carrying yHK: pMWI 18::yff/C 
One carrying ygii^: pMmi8~yggA 

SlTf l!"!^ "^J?" ^ >^ 

some amino aads and amino acid analogues. • w»icuiw» lu 

^IKTT'^" t 815^6. 1 996) and RhtB protein invol^in JLZsZl 

^\ 2 ' -^"^"^"^ ^ P^*'"'- that the increased expression of the 

^^^^ 

tSiS^a? T?iM^Mr^^t!?* ^ "^"^ '^^^ O^^^^'SM "-""res of the £ ^ stSns 
TO S'^r^l^SJ • TG14>YQGA and of the control strains TGl/k,UC21. TO1/|,UC19 and 

ItJJS^JJ r *^'™""^' a" appropriate antibiotic on a rotary shal^ (10^ cfu/mQ were diluted 

c^Z .^mr.^'^ and grown for 5 h in the same medium. Then the log phase culLes thus Lined wSe 
diluted a.^ about 10^ alr^e cells were applied to welWried test plates wHh M9 agar containing doubfing incremenTrf 

0062J -me results are shown in Table 1. H follows from the %ble 1 that multiple codes of yfiK oene cwrferred 

^P-«'"'»e*yO-l-cysteine (AEC) and a-aminobutyric add: multiple copies of yahN gene conferred increased 

S ^S;S7J. "^f^ >S9A gene conferred increased rJ^^ 

S-(2-aminoethyl)-L-cyste.ne (AEC). lysine, and arginine. These results indicate that except Ibr \MiN ewery rtSeor^ 



Table 1 



Substrate 


MIC ftig/ml) for £ co// TGI. harboring the plasmid 




pUC21 


pYFIK 


pYAHN 


pYEAS 


pYGGA 


L-homoserine 


500 


1000 


500 


1000 


500 


L-threonine 


30000 


40000 


30000 


50000 


30000 


L-lysine 


5000 


7500 


5000 


7500 


15000 


L-glutamate(Nasalt) 


5000 


10000 


5000 


20000 


5000 


L'histidine 


5000 


10000 


5000 


30000 


5000 


L-valine 


0.5 


0.5 


0.5 


0.5 


0.5 


L-proline 


1000 


5000 


2000 


2000 


1000 


L-arginine 


10000 


10000 


10000 


10000 


20000 


AHVA 


100 


200 


100 


100 


100 


AEC 


5 


10 


5 


5 


200 
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Tebld 1 (continued) 



Substrate 


MIC Oig/rnI) for E. coli TQ1. hartx)ring the plasmid 




pUC21 


pYFIK 


pYAHN 


pYEAS 


pYGGA 


a-aminobutyric acid 


2500 


5000 


2500 


>10000 


2500 


4-aza-DL-leucine 


100 


100 


100 


100 


too 



Example 3. Effect of yeaS, yahN, and yfiK DMA fragments anrpirication on glutamic add production. 

[0063J The E coli strain AJ13199 (FR patent No. 2747689) was transfomied with the vector pUC21 and each of 
the plasmids pYAHN. pYEAS and pYFIK. Thus the strains AJ13199/1?UC21 (VKPM B-7728), AJ13199l/i>YAHN (VKPM 
B-7729). AJ13199fl[)YEAS (VKPM B-7731). and AJ13199/|3YFIK (VKPM B-7730) were obtained. 
[0064] These strains were each cultivated at 37*C for 18 hours in a nutrient broth with 100 mg/l ampidllin, and 0.3 
ml of the obtained culture was inoculated into 3 ml of a fermentation medium containing 100 mg/l ampictllin. in a 20 x 
200 mm test tube, and cultivated at Z7°C for 48 hours with a rotary shaker. After the cultivation, an accumulated amount 
of glutamic acid in the medium was determined by known method. 
[0065] The composition of the femnentatton medium^: 



Glucose 


80 


(NH4)2S04 


22 


K2HPO4 


2 


Naa 


0.8 


MgS04*7H20 


0.8 


FeS04»7H20 


0.02 


MnS04*5H20 


0.02 


Thiamine HO 


0.0002 


Yeast extract 


1.0 


CaCOg 


30.0 (dry-heat-sterifized at 180»C for 2 h) 


(Glucose and K2HPO4 separately sterilized) 



[0066] The results are shown in Table 2. As shown in Table 2, the strains AJ13199A}YAHN. AJ13199A)YEAS, and 
AJ13199/^YFIK accunrulated glutamk: acid in a larger amount than the strain AJ13199/j3UC21 in which an expression 
amount of amino acid exaetion proteins was not enhanced. 



Table 2 



Strain 


Qutamicacki, g/l 


AJ13199^UC21 


21.9 


AJ131994>YAHN 


27.9 


AJ13199/k)YEAS 


29.7 


AJ13199/i)YFIK 


28.4 



Example 4. Effect of yeaS, yahN, and yfiK DNA fragments amplification on lysine production. 
[0067] 

(1). As the lysineijroducing bacterium belonging to the genus Escherichia, E, coli strain W31 10 (TyrA) described 
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in European Patent Publication Na 488424 to which plasmid pCAB02 was irttoducad d«eerihaH tn in»<»«rii»».i 
^18..>eaS.p^m118..yfflfandpMW118we^elrll^oduced1o£co//st^^^ 

W3110 (tyrA)/t)CABD2+pVIW118::>aftW 
W31 10 (lyrA)yi)CABD24pMW1 18::>eaS 
W31 10 (tyrAMjCABD24pMW1 18::y» 
W31 10 (tyrA)4)CABD2+pMW1 18. 



lows^: 



Lj^e productivity of thesestrains was esti 



Glucose 
MgS04*7H20 

(NH4)2S04 

I^HP04 
FeS04»7H20 
MnS04*7H20 
Yeast extract (Difco) 
Tyrosine 



40.0 
1.0 
16.0 
1.0 
0.01 
0.01 
2.0 
0.1 



Mjusted to pH 7.0 and autodaved at 115» C for 10 minutes, 
Phannabopeial CaCQs 25 g/l (dry-heat-sterilized at 1WC for 2 h) 



As antibiotics. 20 mg/t of streptomycin and 50 mg/I of airptcillin were added depending on a kind of a olasmid 
Cuftivaton was conducted at37oCfor 30 hours With agitation atl^ 



Tabled 



Strain 


Lysine, g/l 


Yield. (%) 


W3110(tyrA) 


0.08 


0.2 


W31 10(tyrA)/pCABD2 + pMW1 18 


12.2 


30.5 


W31 10(tyrA)/pCABD2 + pMWI ^Q::yahN 


13.8 


34.5 


W31 10(tyrA)/k)CABD2 + pMWI 18::yeaS 


12.7 


31.8 


W31 10(tyrA)/jpCABD2 + pMWI 1B::yftK 


12.2 


30.5 



iH^Illf ^ f ^ *® '"^^ utilization and located on the tiansposon Tn2555 (Dorosh- 

ento et al.. Mol. Biologiya. 22. 645^. 1988). were introduced into Vlfill using iS^lSS^^- 
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duction giving the strain VL61 2, 

At the third step, the nutation rhtA23 from the strain VKPM B-3996, conferring resistance to threonine and 
homoserine (US Patent No. 5,175,107) was introchjced into VL612 by phage PI transduction giving the strain 
VL613. 

5 

[0068] The E coli strain VLSI 4 was obtained by transduction of the wiid-type allele of the rhtA gene from the E colt 
strain VKPM B-6204 (MQ1655 z^/3058::Tn10) to VIj613. Transductants were selected on L-medium containing 10 mg/l 
tetracydin, and among them the strain VL£1 4 (rhtA^ sensitive to 10 g/i homoserine was lotihd. 
[0069] The strain VL614 was transformed with the pYGGA plasnnid or with the pOK12 vector to obtain strains 

10 VL614/fc)YGK3A (VKPM B-7719) and VL614/jpOK12 (VKPM B-7722). 

[0070] These strains were each cultivated at 37''C fbr18 hours in a nutrient broth with 50 mg/l kananriydn. and 0.3 
ml of the obtained culture was Inoculated into 3 ml of a fermentation medium (Example 3) containing 0.3 g/l threonine, 
0.3 g/l methionine and 50 mg/l kanannycin. in a 20 x 200 mm test ti^ and cultivated at 37*^0 for 48 hours with a rotary 
shaker. After the cultivatidn. each accumulated anrxnint of lysine and glutamate In the medium was determined by the 

15 known method. 

[0071] The results are Shown in Table 4. 



Table 4 



Strain 


Lysine, g/l 


Glutamate. g/l 


VIj6144)OK12 


2.6 


0.8 


VL614/ipYGGA 


3.6 


2.2 



25 

[0072] As shown in TabUe 4. the strain VL61443YGQA accumulated lysine in a larger amount ttian the strain 
VL614/k30K12 in whk;h tfie yggA gene was not enhanced. Besides, the strain VL6144)YQGA accumulated more 
glutanvc ackJ tiian flie strain VL614/|90K12. 

30 Example 5. Effect of yeaS, yahN, and yfiK DMA fragments amplrficatbn on threonine, alanine, valine and tsdeucine 
production. 

[0073] As the threonine-producing bacterium belonging to the genus Escherichia, ttie E coli strain VL2054 was 
used. This strain was derived from the known E coli strain VKPM B-3996 (US Patent Nk>. 5,175,107) as follows. 
35 [0074] Initially, a new recipient Strain was constructed in several Steps: 

• The plasmidless derivative of the streiin VKPM B-3996 was selected after spontaneous elimination of pVIC40 plas- 
mid. 

• The wiki-type allele of tfie rhtA gene from the E coli strain VKPM B-6204 (MG1655 z^^058::Tn10) was introduced 
40 into the thus obtained strain by phage PI mediated transduction as in the Example 4. 

• A mutation inactivating kan gene of ttie Tn5 transposon inserted into the tdh gene was obtained after NG mutagen- 
esis and selection of kanamycin-sensitive cells still unable to degrade ttireonine. Thus the strain VL2053 was 
obtained. 

45 [0075] On the otfier hand, the ttireonine operon from pVIC40 was doned into integrative Mud vector under the Pp 
promoter of tiie phage lambda. In addition, ttie cat gene of Tn9 confem'ng ttie resistance to chtoramphenicol was cloned 
into ttie same vector. The construct ttius obtained was inserted into ttie chromosome of ttie E coli strain C600 by use 
of ttie known method (US Patent No. 5.595,889) and transduced from the tfius obtained strain to VL2053, ^'ving the 
new plasmidless threonine-producing strain VL2054. This strain accumulated in culture broth also alanine, valine and 

so Isolajcine. 

[0076] The strain VL2054 was transformed witti each of ttie plasmids pYEAS, pYFIK, and witti ttie vector pUC21 to 
obtain £ coli strains VL2054/|pYEAS (VKPM B-7707), VL2054/|dYFIK (VKPM B-7712) and VL2054/|?UC21 (VKPM B- 
7708). 

[0077] These strains were each cultivated at 37''C for 18 hours In a nutrient brotti witti 100 mg/l ampicillin. and 0.3 
55 ml of ttie obtained culture was inoculated into 3 ml of a fomentation medium (Example 3) containing 100 mg/1 ampicil- 
lin. in a 20 X 200 mm test tube, and cultivated at 37<'C for 48 hours witti a rotary shaker. After ttie cultivation, each accu- 
mulated amount of ttireonine. alanine, valine and isoteudne In ttie medium was determined by known method. 
[0078] The results are shown in Table 5. 
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[0079] As shown in Table 5, the strain VL2054y|3YFIK accumulated threonine in a larger amount than the strain 
VL2054/jpUC21 in which the yfiK gene was not enhanced. Besides, the strain VL2054>|3YEAS accumulated more 
alanine, vafine and isoleucine than the strain VI.2054/|;>UC21 In which the yeaS gene was not enhanced. 



Tat)le5 



Strain 


Amino acid accumulation, g/l 




Threonine 


Alanine 


V^ne 


Isoleucine 


VL2054/J)UC21 


5.8 


0.4 


0.31 


0.15 


Vl2054/t)YEAS 


5.2 


1.4 


0.52 


0.45 


VL2054/i>YFIK 


8.8 


0.5 


0.22 


0.14 



Example 6. Effect of yeaS and y^K DNA fragments ampBf icatlon on histidine production. 

[0080] As the histidine-productng t)acterium belonging to the genus Escherichia, the strains E cofi VL2160 was 
used. This strain was obtained on the basis of the known strain NK5526/?«G::Tnl0{VKPM B-3384) by phage Pi-medi- 
ated transduction of the hisG^ mutation desensitizing ATP-phosphon*bosyttransferase from the strain CCA6 (Astvatsa- 
turianz et al.. Genetika, 24. 1928-1934, 1988). The strain £ coli VL2160 was transformed with each of the plasmids 
pYEAS. pYFlK. and with the vectors pUC21 to obtain E coli strains Vl^160/pYEAS (VKPM B-7753) E coli 
VL2160ypYFlK (VKPM B-7754). E coli VL2160/|p)UC21 CVKPM B-7752). 

[0081] These strains were each cultivated at 37*C for 18 hours In a nutrient broth with 100 mg/l ampicillin. and 0.3 
ml of the obtained culture was inoculated into 3 ml of the fermentation medium (Example 3) containing an increased 
amount of yeast extract (3 g/l) and 100 mg/l ampicillia in a 20 x 200 mm test tube, and cultivated at 34*C for 68 hours 
with a rotary shaker. 

[0082] After the cultivation, an accumulated amount of histidine In the medium was detennlned by known method. 
The results are shown in Table 6. 



Table 6 



Strain 


KGstkJine. g/l 


VL2160/k)UC21 


1.2 


VL2160ypYEAS 


1.8 


VL2160/PYFIK 


1.4 



[0083] As shown In Table 6. the strains E coli VL2160/ pYEAS and E coli VL2160/pYFIK accumulated histidine in 
a larger amount than the strain E coli VL2160/pUC21 in whk:h the yeaS and yfiK genes were not enhanced. 

Example 7. Effect of yahN, yfiK and yeaS DNA fragments amplif toat'on on proline produclfon. 

[0084] As the praline-producing bacterium belonging to the genus Escherichia, the strain VL2151 (W3350 proB* 
AputAP TnIO) was used. This strain was obtained t)y transduction into W3350 of AputAP mutation linked to TnIO and 
selecting tetracycline-resistant transductants unable to utilize proline as a sole carbon sourca The thus obtained strain 
W3350 AputAP TnIO was mutagenized with NG and mutants resistant to 20 mg/l of 3,4-dehydro-DL-proline were 
selected. Among them the strain VL2151 (W3350 proB* AputAP TnIO) was found capable to produce proline. 
[0085] The strain E coli VL2151 was transformed with each of the plasmids pYEAS, pYFIK. pYAHN and with the 
vectors pUC21 to obtain E coli strains VL2151/pYEAS (VKPM B-7714). VL215iypYFIK (VKPM B-7713) 
VL2151/PYAHN (VKPM B-7748) and E coli VL2151/pUC21 (VKPM B-7715). 

[0086] These strains were each cultivated at 37«C for 18 hoire in a nutrient broth with 100 mg/l ampicillin, and 0.3 
ml of the obtained culture was Inoculated Into 3 ml of a fermentation medium (Example 3) containing 100 mg/I anpicil- 
lin, in a 20 X 200 mm test tube, and cultivated at 37^C for 48 hours with a rotary shaker. After the cultivation, an accu- 
mulated amount of proline in the medium was determined by known method. The results are shown in Table 7. 
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Table 7 



Strain 


Proline, g/l 


VL2151/kJUC21 


1.8 


VL2151/|pYAHN 


2.2 


VL215iyipYEAS 


2.1 


VL2151/k)YFIK 


2.5 



10087] As shown in Table 7, the strains £ coli VL2151/|p)YFIK E. coli VL2151/k)YAHN and £ co// VL2151>k>YEAS 
accumulated proline in a larger annount than the strain £ co// VL21 51/i3UC21 in which the yfK yahN and yeaS genes 
were not enhanced. The anpfification of yfiK gene had the most pronounced effect 

Example 8. Effect of yggA DNA fragments anrpWication on arginine production. 

[0088] As arginine-producing bacterium beton^ng to the genus Escherichia, the strain VV3350 a^£::Tn1 oyjpKAlO 
was used. This strain haitors a plasmid, pKAIO. containing DNA region from Corynebacterium {BfevS)acternjm) 
flavum which complements at least argA and argE mutations in the recipient strain of £ coli K-12 (lOiarltoncv A. and 
Tarasov A.R Molecular Genetics. Microbiology and Virology. No.9, 29-33. 1986). 

[0089] The strain £ coli W3350 aryE::Tn10/|3KA10 was transfonned with the plasmid pYGGA, or with the vector 
pOK12 to obtain the strains £ coli W3350 arpE::Tn10/|pKA10, pYGGA (VKPM B-7716) and £ coli W3350 
arig£::Tn10y|pKA1O. pOK12 (VKPM B-7718). 

[0090] The thus obtained transfbrmants were each cultivated at 37*»C fa 1 8 hours in a nutrient broth with 1 GO mg/l 
ampidilin and 50 mg/l kanamydn. and 0.3 ml of the obtained culture was inoculated into 3 ml of a fermentation medium 
(Example 3) containing 100 mg/I amplcillin and 50 mg/l kanamydn. in a 20 x 200 mm test titoe, and cultivated at 37*C 
for 48 hours with a rotary shaker. After the cultivation, an accumulated amount of arginine in the medium was deter- 
mined by known method. 
[0091] The results are shown in Table 8. 



Table 8 



Strain 


Arginine, g/l 


W3350 ar^E::Tn104>KA10. pOK12 


0.11 


W3350 arigE::Tn10>k>KA10. pYQGA 


0.46 



[0092] As shown in Table 8. the strains £ coli VV3350 ar^EirTnlO/toKAIO. pYQGA accumulated arginine in a larger 
amount than the strain £ co// W3350 arj^ErrTnlO/JjKAIO. pUC21 in which tiie yggA gene was not enhanced. 
[0093] The following E. coli strains have been deposited (accading to international deposition based on Budapest 
Treaty) in the Russian National Collection of Industrial Miaoorganisms (VKPM) on December 29. 1998 under tiie 
accessk)n numbers shown in parenthesis. 

AJ13199/0UC21 (VKPM B-7728) 
AJ13199yk)YAHN (VKPM B-7729) 
AJ13199/pYEAS (VKPM B-7731) 
AJ13199/>5YFIK (VKPM B-7730) 
VL61 44)YGGA (VKPM B-771 9) 
VL614/^)OK12 (VKPM B-7722) 
VL2054/pYEAS (VKPM B-7707) 
VL2054/pYFIK (VKPM B-771 2) 
VL2054/pUC21 (VKPM B-7708) 
VL2160y|3YEAS (VKPM B-7753) 
VL2160/k)YFIK (VKPM B-7754) 
VL2160/t)UC21 (VKPM B-7752) 
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VL215iyjpYFfK(VKPM B-7713) 

VL215iyi)YEAS (VKPM B-7714) 

VL2151/k)YAHN (VKPM B-7748) 

VU151/|pUC21 (VKPM B-7715) 

W3350 arigE::Tn10/t>KA10. pYGGA (VKPM B-7716) 

W3350 ayE::Tn1Q^KA10. pOK12 (VKPM B-7718) 
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SEQUENCE LISTING 



<110> AjinoiDoto Co., Inc. 
• <120> Method for Producing L-Amino Acid 
<130> EPA-53281 

<160> 24 

<210> 1 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yahN gene 

.<400> 1 

Sscgagctcc cagtaaccgg aaataag 27 

<210> 2 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: priner for amplifying Escherichia 
coli yahN gene 

<400> 2 

cgctctagaa aggaccacgc attacgg 27 

<210> 3 
<211> 27 
<212> DNA 
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<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: priner for amplifying Escherichia 
coli yeaS gene 

<400> 3 

ggcgagctca gattggttag catattc 27 

<210> 4 
<211> 27 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequ^ce: primer for amplifying Esdierichia 
coli yeaS gene 

<400> 4 

cggtctagaa tcagcgaaga atcaggg 27 

<210> 5 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yfiK gene 

<400> 5 

ggcgagctca tgttccgtgt cgggtac 27 

<210> 6 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yfiK gene 
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<400> 6 

ggctctagat agcaagttac taagcgg 



27 



<210> 7 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yggA gene 



<210> 8 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: priaer for amplifying Escherichia 
coli yggA gene 



<210> 9 
<211> 672 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
<222> (1)..(672) 

<400> 9 

atg atg cag tta gtt cac tta ttt atg gat gaa ate act atg gat cct 48 
Net Met Gin Leu Val His Leu Phe Met Asp 61u He Thr Met Asp Pro 

1 5 10 15 

ttg cat gcc gtt tac ctg acc gta gga ctg ttc gtg att act ttt ttt 96 
Leu His Ala Va1 Tyr Leu Thr Val Gly Leu Phe Val He Thr Phe Phe 



<400> 7 

ctctgaattc tctcttatta gtttttctga ttgcc 



35 



<400> 8 

cgtgacctgc agcgttctca cagcgcggta gcctttaa 



38 
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20 25 30 

aat ccg 99a gcc aat etc ttt gtg gta gta caa acc age ctg get tec 144 
s Asn Pro GTy Ala Asn Leu Phe Val Val Val 61n Thr Ser Leu Ala Ser 

35 40 45 

ggt cga cgc gca ggg gtg ctg acc ggg ctg ggc gtg gcg ctg ggc gat 192 
61y Arg Arg Ala Gly Val Leu Thr Gly Leu Gly Val Ala Leu 61y Asp 
w 50 55 60 

gca ttt tat tec ggg ttg ggt ttg ttt ggt ctt gca acg eta att acg 240 
Ala Phe Tyr Ser Gly Leu Gly Leu Phe Gly Leu Ala Thr Leu He Thr 
65 70 75 80 

IS cag tgt gag gag att ttt teg ctt ate aga ate gtc ggc ggc get tat 288 

Gin Cys Glu Glu He Phe Ser Leu He Arg He Val Gly Gly Ala Tyr 

85 90 95 

etc tta tgg ttt gcg tgg tgc age atg cgc cgc eag tea aea ccg caa 336 
go Leu Leu Trp Phe Ala Trp Cys Ser Met Arg Arg Gin Ser Thr Pro Gin 

100 105 110 

atg age aea eta caa caa ccg att age gee cec tgg tat gtc ttt ttt 384 
Met Ser Thr Leu Gin Gin Pro He Ser Ala Pro Trp Tyr Val Phe Phe 
as 115 120 125 

C9C cgc gga tta att acc gat etc tct aac ccg caa acc gtt tta ttt 432 
Arg Arg Gly Leu He Thr Asp Leu Ser Asn Pro Gin Thr Val Leu Phe 

130 135 140 

ttt ate agt att ttc tea gta aea tta aat gcc gaa aea cca aea tgg 480 
Phe He Ser He Phe Ser Val Thr Leu Asn Ala Glu Thr Pro Thr Trp 
1*5 150 155 160 

gca egt tta atg gee tgg gcg ggg att gtg etc gca tea att ate tgg 528 
Ala Arg Leu Met Ala Trp Ala Gly He Val Leu Ala Ser He He Trp 

165 170 175 

cga gtt ttt ctt agt cag gcg ttt tct ttg cec get gtg egt egt get 576 
Arg Val Phe Leu Ser Gin Ala Phe Ser Leu Pro Ala Val Arg Arg Ala 
180 185 190 

w tat ggg egt atg caa cgc gtt gee agt egg gtt att ggt gca att att 624 

Tyr Gly Arg Met Gin Arg Val Ala Ser Arg Val He Gly Ala He He 

195 200 205 

ggt gta ttc gcg eta cgc ctg att tac gaa ggg gtg acg cag egg tga 672 
45 Gly Val Phe Ala Leu Arg Leu He Tyr Glu Gly Val Thr Gin Arg 

210 215 220 

<21fl> 10 
so <211> 223 

<212> PRT 

<213> Escherichia coli 
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3S 



ss 
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<400> 10 

Met Met Gin Leu Val His Leu Phe Met Asp Slu He Thr Met Asp Pro 

1 5 . 10 15 

Leu His Ala Val Tyr Leu Thr Val Gly Leu Phe Val He Thr Phe Phe 

20 25 30 

Asn Pro Gly Ala Asn Leu Phe Val Val Val Gin Thr Ser Leu Ala Ser 

35 40 45 

Gly Arg Arg Ala Gly Val Leu Thr Gly Leu Gly Val Ala Leu Gly Asp 

50 55 60 

Ala Phe Tyr Ser Gly Leu Gly Leu Phe Gly Leu Ala Thr Leu He Thr 
65 70 75 80 

Gin Cys Glu Glu He Phe Ser Leu He Arg He Val Gly Gly Ala Tyr 

85 90 95 

Leu Leu Trp Phe Ala Trp Cys Ser Het Arg Arg Gin Ser Thr Pro Gin 

100 . 105 110 

Met Ser Thr Leu Gin Gin Pro He Ser Ala Pro Trp Tyr Val Phe Phe 

115 120 125 

Arg Arg Gly Leu He Thr Asp Leu Ser Asn Pro Gin Thr Val Leu Phe 

130 135 140 

Phe He Ser He Phe Ser Val Thr Leu Asn Ala Glu Thr Pro Thr Trp 
145 150 155 150 

Ala Arg Leu Met Ala Trp Ala Gly He Val Leu Ala Ser He He Trp 

165 170 175 

Arg Val Phe Leu Ser Gin Ala Phe Ser Leu Pro Ala Val Arg Arg Ala 

180 185 190 

Tyr Gly Arg Met Gin Arg Val Ala Ser Arg Val He Gly Ala He He 

195 200 205 

Gly Val Phe Ala Leu Arg Leu He Tyr Glu Gly Val Thr Gin Arg 
210 215 220 

<210> 11 
<211> 639 
<212> DMA 

<213> Escherichia coli 



<220> 
<221> CDS 
<222> (1)..(639) 

<400> 11 

gtg ttc get gaa tac ggg gtt ctg aat tac tgg acc tat ctg gtt ggg 48 
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<210> 13 
<211> 588 
<212> ONA 

<213> Escherichia coli 

<220> 
<221> CDS 



21 



EP 1016 710 A2 
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<212> DMA 

<213> Escherichia coli 

<220> 
<221> CDS 
<222> (1)..(636) 
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He 

ate 336 
He 

gat 384 
Asp 

cca 432 
Pro 

ttc 480 

Phe 
160 

acg 528 
Thr 

tgg 576 
Trp 

gcc 624 
Ala 

636 



55 



24 



EP 1016 710 A2 



Leu Phe Ser 
210 

<210> 16 . 
<211> 211 
<212> PRT 

<213> Escherichia coli 
<400> 16 

Met Phe Ser Tyr Tyr Phe 61n 61y Leu Ala Leu Gly Ala Ala Met He 

1 5 10 15 

Leu Pro Leu Gly Pro 61n Asn Ala Phe Val Met Asn Gin Gly He Arg 

20 25 30 

Arg Gin Tyr His He Met He Ala Leu Leu Cys Ala lie Ser Asp Leu 

35 40 45 

Val Leu He Cys Ala Gly He Phe Gly Gly Ser Ala Leu Leu Met Gin 

50 55 60 

Ser Pro Trp Leu Leu Ala Leu Val Thr Trp Gly Gly Val Ala Phe Leu 
65 70 75 80 

Leu Trp Tyr Gly Phe Gly Ala Phe Lys Thr Ala Met Ser Ser Asn He 

85 90 95 

Glu Leu Ala Ser Ala Glu Val Met Lys Gin Gly Arg Trp Lys He He 

100 105 110 

Ala Thr Met Leu Ala Val Thr Trp Leu Asn Pro His Val Tyr Leu Asp 

115 120 125 

Thr Phe Val Val Leu Gly Ser Leu Gly Gly Gin Leu Asp Val Glu Pro 

130 135 140 

Lys Arg Trp Phe Ala Leu Gly Thr He Ser Ala Ser Phe Leu Trp Phe 
145 150 155 160 

Phe Gly Leu Ala Leu Leu Ala Ala Trp Leu Ala Pro Arg Leu Arg Thr 

165 170 175 

Ala Lys Ala Gin Arg He He Asn Leu Val Val Gly Cys Val Met Trp 

180 185 190 

Phe He Ala Leu Gin Leu Ala Arg Asp Gly He Ala His Ala Gin Ala 

195 200 205 

Leu Phe Ser 
210 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: priner for ainplifying Escherichia 
coli yahN gene 

<400> 17 

gtgtggaacc gacgccggat 20 

<210> 18 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: priner for amplifying Escherichia 
coli yahN gene 

<400> 18 

tgttgtatgg tacggggttc gag 23 

<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yeaS gene 

<400> 19 

ctttgccaat cccgtctccc 20 

<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yeaS gene 

<400> 20 
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gccccatgca taacggaaag 



20 



<210> 21 
<21t> 26 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for aii4>1ifying Escherichia 
coli yfiR gene 



<2t0> 22 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichir 
coli yfiK gene 



<210> 23 
<211> 21 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli yggA gene 



<400> 21 



gaagatcttg taggccggat aaggcg 
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<400> 22 

tggttttacc aattggccgc 



"20 



<400> 23 

acttctcccg cgagccagtt c 
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<210> 24 
<211> 21 
<212> DNA 



<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: primer for amplifying Escherichia 
coli y99A gene 

<400> 24 

ggcaagctta gcgcctctgt t 21 



dafms 

1 - A bacterium belonging to the genus Escherichia and having an ability to produce an L-amino add. wherein the abil- 
ity to produce the L-amino add is increased by increasing the amount of at least one protein produced in the bac- 
20 terium and selected from the group consisting of the following proteins of (A) to (H): 

(A) a protein having an amino acid sequence shown in SEQ ID NO: 10 in Sequence Listing; 

(B) a protein which has an amino acid sequence including deletion, substitution, insertion, addition or inversion 
of one or several amino acids in the amino add sequence shown in SEQ ID NO: 10 in Sequence Listing, and 

25 which has an activity of inaeasing the ability to produce the L-amino add of the bacterium having the protein; 

(G) a protein having an amino acid sequence shown in SEQ ID NO: 12 in Sequence Listing; 
(D) a protein which has an amino acid sequence including deletion, substitution, insertion, addition or inversion 
of one or several amino acids in the amino add sequence shown in SEQ ID NO: 12 in Sequence Listing, and 
which has an activity of increasing the ability to produce the L-amino acid of the bacterium having the protein; 

30 (E) a protein having an amino add sequence shown in SEQ ID NO: 14 in Sequence Listing; 

(F) a protein which has an amino add sequence induding deletion, substitution, insertion, addition or inversion 
of one or several amino acids in the amino add sequence shown in SEQ ID NO: 14 in Sequence Listing, and 
which has an activity of inaeasing the ability to produce the L-amino add of the bacterium having the protein; 

(G) a protein having an amino add sequence shown in SEQ ID NO: 16 in Sequence Listing; or 

35 (H) a protein which has an amino acid sequence induding deletion, substitution, insertion, addition or inversion 

of one or several amino adds in the amino add sequence shown in SEQ ID NO: 16 in Sequence Usting. and 
which has an activity of increasing the ability to produce the L-amino add of the bacterium having the protein. 

2. The bacterium according to claim 1 . wherein said L-amino acid is L-lysine and the amount of at least one protein 
40 selected from the group consisting of said proteins (A) to (D). (G) and (H) is increased. 

3. The bacterium according to daim 1 . wherein said L-amino add is L-glutamic add. 

4. The bacterium according to claim 1 . wherein said L-amino add is L-a!anine and the amount of at least one protein 
45 selected from the group consisting of said proteins (0) and (D) is increased. 

5. The bacterium according to daim 1 , wherein said L-amino add is L-valine and the amount of at least one protein 
selected from the group consisting of said prc^eins (C) and (D) is increased. 

so 6. The bacterium according to claim 1 . wherein said L-amino acid is L-histidine and the amount of at least least one 
protein selected from the group consisting of said proteins (C) to (F) is increased. 

7. The bacterium according to claim 1 . wherein said L-amino acid is L-proline and the amount of at least one protein 
selected from the group consisting of said proteins (A) to (F) is inaeased. 

55 

8. The bacterium according to claim 1 . wherein said L-amino add is L-threonine and the amount of at least least one 
protein selected from the group consisting of said proteins and (F) is increased. 
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9. The bacterium according to claim 1 . wherein said L-amino add is L-argtnine and the amount of at least one protein 
selected from the group consisting of said proteins (G) and (H) is inaeased. 

1 0. The bacterium according to claim 1 , wherein said L-amino add is L-isdeudne and the amount of at least one pro- 
tan selected from the group consisting of said proteins (C) and (D) is Increased. 

11. The bacterium according to any one of daims 1 to 10. wherein a copy numt>er of a DMA coding for said protein in 
a cell is inaeased. 

1 2. The bacterium according to daim 1 1 . wherein said DMA is earned on a multicopy vector in the celL 

1 3. The bacterium according to daim 1 1 . wherein said DNA is cam'ed on a transposon in the cell. 

14. A bacterium having the accession number VKPM B-7728» VKPM B-7729. VKPM B-7731 . VKPM B-7730, VKPM B- 
7719. VKPM B-7722. VKPM B-7707. VKPM B-7712. VKPM B-7708. VKPM B-7753, VKPM B-7754. VKPM B-7752, 
VKPM B-7713. VKPM B-7714. VKPM B-7748. VKPM B-7715. VKPM B-7716 or VKPM B-7718. 

15. A method for producing an L-amino add. comprising the steps of: 

cultivating the bacterium as defined in any of the claims 1 to 14. in a culture medium, to produce and accumu- 
late the L-amino acid in the medium, and 
recovering the L-amino add from the medium. 
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